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Precatalysts 1 – 17 
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MAO-cocatalyzed propylene polymerization results with 2 - 16 
 
entry 
metallocen
e 
(mg) 
MAO 
(equiv.
) 
Tp 
(°C
) 
toluen
e 
(mL) 
C3H6 
(mL) 
time 
(min.
) 
yield 
(g) 
activity 
(gP/(gmet
.
h)
) 
Tm
a 
(°C) 
mmm
m 
(%) 
Mw Mw/Mn 
1 3 (2.0) 1000 0 30.0 3 60 0.84 420 129 82.2    
2 3 (2.0) 1000 20 30.0 3 10 0.56 1700 134 83.9   
3 3 (2.0) 1000 40 30.0 3 5 0.50 3000 135 88.8   
4 3 (2.0) 1000 60 30.0 3 5 0.38 2300 128 89.4   
5 3 (2.0) 1000 0 2.0 30 20 0.93 1400 126 79.5   
6 3 (2.0) 1000 20 2.0 30 3 1.01 10000 125 81.5   
7 4 (2.0) 1000 0 2.0 30 15 0.45 900 120 74.1  431,000 1.74 
8 4 (2.0) 1000 20 2.0 30 5 1.77 11000 118 77.0 252,000 1.88 
9 4 (1.0) 1000 0 30 3 30 0.30 610 121 78.1   
10 4 (1.0) 1000 20 30 3 15 1.71 6800 131 77.6   
11 2 (1.0) 1000 0 2.0 30 15 1.43 5700 n.o. 21.6 80,000 1.81 
12 2 (1.0) 1000 20 2.0 30 10 4.95 30000 n.o. 18.3   
13 5 (1.0) 1000 0 2.0 30 10 0.71 4300 n.o. 13.2   
14 5 (1.0) 1000 20 2.0 30 10 4.01 24000 n.o. 14.5   
15 6 (2.0) 1000 0 2.0 30 20 0.32 480 137 86.1   
16 6 (2.0) 1000 20 2.0 30 20 0.47 710 138 81.2   
17 7 (1.5) 1000 0 2.0 30 15 0.37 980 130 2.4   
18 7 (1.5) 1000 20 2.0 30 5 0.86 6600 117 2.4   
19 8 (2.0) 1000 0 2.0 30 20 0.36 530 103 5.1   
20 8 (2.0) 1000 20 2.0 30 20 5.53 8300 n.o. 7.3   
21 9 (2.7) 1000 0 2.0 30 20 0.05 60 125 74.4   
22 9 (2.7) 1000 20 2.0 30 20 0.14 150 135 76.4   
23 10 (1.0) 1000 0 2.0 30 3 1.23 25000 n.o. 26.9 653,000 1.87 
24 10 (0.5) 1000 20 1.0 30 3 1.12 45000 n.o. 30.0 397,000 2.31 
25 10 (1.0) 1000 0 30.0 3 10 1.90 11000 n.o. 28.5   
26 10 (1.0) 1000 20 30.0 3 10 1.82 11000 n.o. 31.3   
27 10 (1.0) 1000 40 30.0 3 10 1.16 7000 n.o. 32.4   
28 10 (1.0) 1000 60 30.0 3 10 0.47 2800 n.o. 27.1   
29 10 (1.0) 1000 80 30.0 3 10 0.10 600 n.o. 18.0   
30 11 (0.5) 2000 0 1.0 30 30 1.50 6000 n.o. 28.4 134,000 3.15 
31 11 (0.5) 2000 20 1.0 30 10 1.08 13000 n.o. 31.4 81,900 4.38 
32 12 (1.0) 1000 0 2.0 30 15 0.18 730 109 60.2 360,000 1.75 
33 12 (1.0) 1000 20 2.0 30 15 1.62 6500 110 57.5 322,000 1.70 
34 13 (2.0) 1000 0 2.0 30 5 0.16 970 129 78.6 76,700 1.81 
35 13 (2.0) 1000 20 2.0 30 30 0.36 360 131 80.0 80,900 2.63 
36 14 (1.0) 1000 0 2.0 30 10 0.41 2500 158 >98 171,000 1.93 
37 14 (1.0) 1000 20 2.0 30 10 0.83 5000 154 >98 113,000 1.93 
38 14 (2.0) 1000 0 2.0 55 60 3.88 1900 160 >98 157,000 2.48 
39 14 (2.0) 1000 20 2.0 55 10 2.13 6400 156  124,000 1.90 
40 14 (2.0) 1000 0 2.0 55 10 1.38 4100 159  160,000 1.91 
41 14 (2.0) 1000 0 30.0 3 180 0.87 140 158  102,000 1.82 
42 14 (2.0) 1000 20 30.0 3 90 0.50 170 148  54,400 2.08 
43 15 (3.0) 1000 0 2.0 30 120 0.03 4 n.o.    
44 15 (3.0) 1000 20 2.0 30 120 0.02 3 n.o.    
45 16 (2.0) 1000 0 2.0 30 20 0.29 440 167 >99 370,000 1.39 
46 16 (2.0) 1000 20 2.0 30 20 0.70 1100 163 >99 425,000 1.77 
 
an.o. = melting temperature not observed. 
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Derivation of the alternating model 
 
A statistical model has been developed to describe the tacticities obtained with the 
catalysts reported herein.1  For a hemiisotactic regime, every other stereocenter is of the 
same stereochemistry and the intervening stereocenters are of variable stereochemistry.  
Therefore, as in the hemiisotactic polymer shown below, a given polymer can be 
represented by a string of mm and rr triads.  This disallows the pentads containing 
isolated m and r dyads:  mmrm, rrmr, and mrmr.  The stereoselectivity at the more 
stereoselective site is defined as α = 1.  The stereoselectivity at the less stereoselective 
site is β. 
    
 
 
The foregoing model assumes perfect enantioselectivity at the more stereoselective site.  
This model is not rigorously applicable to polymers which contain a finite amount of 
the forbidden pentads:  mmrm, rrmr, and mrmr.2  To the extent that the enantioselectivity 
at the more stereoselective site is not perfect, stereodefective pentads mmrm, rrmr, and 
mrmr will arise.  In this case α is less than unity and there is a 1-α chance that such an 
enantiofacial misinsertion will occur. 
 
 
 
In calculating the predicted pentad intensities based on the parameters α and β, one 
must account for the possibility that a pentad may span either three or two insertions 
from the more stereoselective site (and hence either two or three insertions from the less 
stereoselective site).  The resulting probabilities are shown in the table below.  Note that 
the coefficient of ½ must be included because half of the pentads begin at the more 
stereoselective site and half of the pentads begin at the less stereoselective site.  The 64 
(= 16 x 4) corresponding pentads are graphically depicted. 
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pentad Pxxxx    
mmmm ½αβαβα  + ½βαβαβ + ½(1−α)(1−β)(1−α)(1−β)(1−α) + ½(1−β)(1−α)(1−β)(1−α)(1−β) 
mmmr ½αβαβ(1−α) + ½βαβα(1−β) + ½(1−α)(1−β)(1−α)(1−β)α + ½(1−β)(1−α)(1−β)(1−α)β 
rmmm ½(1−α)βαβα  + ½(1−β)αβαβ + ½α(1−β)(1−α)(1−β)(1−α) + ½β(1−α)(1−β)(1−α)(1−β) 
rmmr ½(1−α)βαβ(1−α) + ½(1−β)αβα(1−β) + ½α(1−β)(1−α)(1−β)α + ½β(1−α)(1−β)(1−α)β 
mmrr ½αβα(1−β)α  + ½βαβ(1−α)β + ½(1−α)(1−β)(1−α)β(1−α) + ½(1−β)(1−α)(1−β)α(1−β) 
rrmm ½α(1−β)αβα  + ½β(1−β)βαβ + ½(1−α)β(1−α)(1−β)(1−α) + ½(1−β)α(1−β)(1−α)(1−β) 
mrmm ½(1−α)(1−β)αβα  + ½(1−β)(1−α)βαβ + ½αβ(1−α)(1−β)(1−α) + ½βα(1−β)(1−α)(1−β) 
mmrm ½αβα(1−β)(1−α) + ½βαβ(1−α)(1−β) + ½(1−α)(1−β)(1−α)βα + ½(1−β)(1−α)(1−β)αβ 
rmrr ½(1−α)βα(1−β)α  + ½(1−β)αβ(1−α)β + ½α(1−β)(1−α)β(1−α) + ½β(1−α)(1−β)α(1−β) 
rrmr ½α(1−β)αβ(1−α) + ½β(1−α)βα(1−β) + ½(1−α)β(1−α)(1−β)α + ½(1−β)α(1−β)(1−α)β 
mrmr ½(1−α)(1−β)αβ(1−α) + ½(1−β)(1−α)βα(1−β) + ½αβ(1−α)(1−β)α + ½βα(1−β)(1−α)β 
rmrm ½(1−α)βα(1−β)(1−α) + ½(1−β)αβ(1−α)(1−β) + ½α(1−β)(1−α)βα + ½β(1−α)(1−β)αβ 
rrrr ½(1−α)β(1−α)β(1−α) + ½(1−β)α(1−β)α(1−β) + ½α(1−β)α(1−β)α + ½β(1−α)β(1−α)β 
rrrm ½(1−α)β(1−α)βα + ½(1−β)α(1−β)αβ + ½α(1−β)α(1−β)(1−α) + ½β(1−α)β(1−α)(1−β) 
mrrr ½αβ(1−α)β(1−α) + ½βα(1−β)α(1−β) + ½(1−α)(1−β)α(1−β)α + ½(1−β)(1−α)β(1−α)β 
mrrm ½αβ(1−α)βα  + ½βα(1−β)αβ + ½(1−α)(1−β)α(1−β)(1−α) + ½(1−β)(1−α)β(1−α)(1−β) 
 
 
 
                                                                              
S6 
 
This alternating model has been verified by comparison to a Monte Carlo simulation of 
16 polymer chains each containing 64,000 stereocenters—for a total of 1,024,000 
stereocenters.  In this simulation, α was set to 0.98 and β was set to 0.60. 
 
 
pentad alternating model 
Monte Carlo 
simulation difference 
mmmm 0.27315120 0.27334180 0.00019060 
mmmr 0.07265680 0.07249023 0.00016657 
rmmm 0.07265680 0.07249023 0.00016657 
rmmr 0.04773520 0.04766895 0.00006625 
mmrr 0.11568800 0.11546484 0.00022316 
rrmm 0.11568800 0.11541699 0.00027101 
mrmm 0.00470400 0.00474219 0.00003819 
mmrm 0.00470400 0.00469434 0.00000966 
rmrr 0.00470400 0.00464160 0.00006240 
rrmr 0.00470400 0.00468945 0.00001455 
mrmr 0.00470400 0.00468945 0.00001455 
rmrm 0.00470400 0.00473730 0.00003330 
rrrr 0.10607280 0.10710645 0.00103365 
rrrm 0.04773520 0.04771973 0.00001547 
mrrr 0.04773520 0.04771973 0.00001547 
mrrm 0.07265680 0.07238672 0.00027008 
sum 1.00000000 1.00000000 0.00207114 
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Statistical analysis:  PP from 3/MAO 
The following are statistical pentad analyses of a polypropylene sample made with 
3/MAO (Me2C(3-t-butyl-C5H3)(C13H8)ZrCl2/MAO) at 40°C in liquid monomer.  This 
sample is from reference 3.  Note that the chain end control model is readily discounted 
because of the prevalence of rr mistakes and the relative lack of r mistakes. 
 
Pentad (%) observed 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 78.02     78.01 78.20 78.01 
mmmr 9.37 7.95 7.72 7.95 
rmmr 0.52 0.21 0.40 0.21 
mmrr 7.06 7.95 8.53 7.95 
mrmm + rmrr + mrmr 0.91 1.28 0.00 1.28 
rrrr 0.28 0.21 0.48 0.21 
rrrm 0.68 0.43 0.80 0.43 
mrrm 3.16 3.97 3.86 3.97 
m 91.90 90.78 90.59 90.78 
r 8.10 9.22 9.41 9.22 
Parameters  α = 0.952 α = 1.000 α = 0.952 
   β = 0.906 β = 0.952 
RMS error  0.687 0.886 0.687 
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Statistical analysis:  PP from 10/MAO  
  
The following are statistical pentad analyses for polypropylene samples made with 
10/MAO (Me2C(3-t-butyl-4-methyl-C5H2)(C13H8)ZrCl2/MAO) (Entries 23-29).  
 
 
Entry 23.  Statistical analysis of a polymer made with 10/MAO at 0°C in liquid monomer. 
 
Pentad (%) observed chain end control 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 26.9 24.1 29.1 27.4 25.9 
mmmr 13.4 20.6 16.7 14.2 14.6 
rmmr 4.8 4.4 2.9 5.0 4.8 
mmrr 20.4 8.8 16.7 24.2 22.6 
mmrm + rrmr 4.2 24.3 11.7 0.0 3.2 
mrmr 0.2 8.8 5.9 0.0 1.6 
rrrr 11.7 0.8 2.9 12.0 10.4 
rrrm 10.8 3.8 5.9 10.0 9.6 
mrrm 7.6 4.4 8.3 7.1 7.3 
m 57.5 70.0 65.8 58.8 59.0 
r 42.5 30.0 34.2 41.2 41.0 
Parameters  σ = 0.701 α = 0.781 α = 1.000 α = 0.965 
    β = 0.588 β = 0.597 
RMS error  9.72 4.97 1.95 1.21 
 
 
 
 
Entry 24.  Statistical analysis of a polymer made with 10/MAO at 20°C in liquid monomer. 
 
Pentad (%) observed chain end control 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 30.0 29.1 30.1 31.6 29.6 
mmmr 15.1 21.0 16.7 14.6 15.3 
rmmr 3.1 3.8 2.8 4.4 4.0 
mmrr 19.2 7.6 16.7 23.5 21.0 
mmrm + rrmr 5.2 23.8 11.3 0.0 4.7 
mrmr 1.2 7.6 5.7 0.0 2.3 
rrrr 8.9 0.5 2.8 9.7 7.4 
rrrm 8.7 2.8 5.7 8.8 8.0 
mrrm 8.6 3.8 8.3 7.3 7.6 
m 61.0 73.4 66.4 62.4 62.9 
r 39.0 26.6 33.6 37.6 37.1 
Parameters  σ = 0.734 α = 0.786 α = 1.000 α = 0.945 
    β = 0.624 β = 0.646 
RMS error  8.73 3.53 2.44 1.02 
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Entry 25.  Statistical analysis of a polymer made with 10/MAO at 0°C in 10% monomer in toluene. 
 
Pentad (%) observed chain end control 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 28.5 27.1 30.0 31.3 28.5 
mmmr 16.1 20.9 16.7 14.6 15.5 
rmmr 2.9 4.0 2.8 4.5 3.9 
mmrr 18.3 8.1 16.7 23.5 20.0 
mmrm + rrmr 6.5 24.0 11.4 0.0 6.7 
mrmr 2.3 8.1 5.7 0.0 3.3 
rrrr 6.9 0.6 2.8 9.9 6.5 
rrrm 9.2 3.1 5.7 8.9 7.8 
mrrm 9.3 4.0 8.3 7.3 7.8 
m 61.1 72.2 66.3 62.2 63.0 
r 38.9 27.8 33.7 37.8 37.0 
Parameters  σ = 0.722 α = 0.786 α = 1.000 α = 0.920 
    β = 0.622 β = 0.654 
RMS error  8.01 2.80 3.34 1.04 
 
 
 
 
Entry 26.  Statistical analysis of a polymer made with 10/MAO at 20°C in 10% monomer in toluene. 
 
Pentad (%) observed chain end control 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 31.3 30.8 31.9 34.9 31.4 
mmmr 17.6 21.1 16.7 14.8 16.3 
rmmr 2.2 3.6 2.6 4.0 3.0 
mmrr 18.1 7.2 16.7 22.7 17.9 
mmrm + rrmr 10.0 23.6 10.6 0.0 8.9 
mrmr 2.3 7.2 5.3 0.0 4.5 
rrrr 4.4 0.4 2.6 8.3 3.8 
rrrm 5.8 2.5 5.3 8.0 6.1 
mrrm 8.3 3.6 8.3 7.4 8.1 
m 66.4 74.5 67.5 65.0 66.3 
r 33.6 25.5 32.5 35.0 33.7 
Parameters  σ = 0.745 α = 0.796 α = 1.000 α = 0.873 
    β = 0.650 β = 0.718 
RMS error  6.56 1.33 4.36 0.99 
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Entry 27.  Statistical analysis of a polymer made with 10/MAO at 40°C in 10% monomer in toluene. 
 
Pentad (%) observed chain end control 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 32.4 32.2 33.1 35.4 32.4 
mmmr 16.4 21.1 16.6 14.8 16.1 
rmmr 3.2 3.5 2.5 3.9 3.1 
mmrr 17.4 6.9 16.6 22.6 18.5 
mmrm + rrmr 7.9 23.4 10.1 0.0 7.6 
mrmr 2.8 6.9 5.1 0.0 3.8 
rrrr 5.6 0.4 2.5 8.1 4.3 
rrrm 5.6 2.3 5.1 7.8 6.2 
mrrm 8.6 3.5 8.3 7.4 8.0 
m 66.1 75.3 68.2 65.4 66.5 
r 33.9 24.7 31.8 34.6 33.5 
Parameters  σ = 0.753 α = 0.802 α = 1.000 α = 0.898 
    β = 0.654 β = 0.708 
RMS error  7.10 1.55 3.68 0.72 
 
 
 
 
Entry 28.  Statistical analysis of a polymer made with 10/MAO at 60°C in 10% monomer in toluene. 
 
Pentad (%) observed chain end control 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 27.1 25.0 27.8 31.4 27.1 
mmmr 15.6 20.7 16.6 14.6 16.1 
rmmr 3.3 4.3 3.1 4.4 3.6 
mmrr 17.5 8.6 16.6 23.5 18.1 
mmrm + rrmr 10.3 24.3 12.3 0.0 10.2 
mrmr 4.5 8.6 6.1 0.0 5.1 
rrrr 4.9 0.7 3.1 9.8 4.7 
rrrm 7.4 3.5 6.1 8.9 7.1 
mrrm 9.5 4.3 8.3 7.3 8.0 
m 62.1 70.7 65.0 62.2 63.5 
r 37.9 29.3 35.0 37.8 36.5 
Parameters  σ = 0.707 α = 0.774 α = 1.000 α = 0.863 
    β = 0.622 β = 0.685 
RMS error  6.51 1.30 4.88 0.60 
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Entry 29.  Statistical analysis of a polymer made with 10/MAO at 80°C in 10% monomer in toluene. 
 
Pentad (%) observed chain end control 
enantio-
morphic site 
control 
alternating 
model 
α = 1 
alternating 
model 
α < 1 
mmmm 18.0 13.7 18.9 24.9 18.1 
mmmr 14.1 17.7 15.8 13.9 15.2 
rmmr 3.6 5.7 4.1 5.4 4.6 
mmrr 16.3 11.3 15.8 24.6 17.0 
mmrm + rrmr 14.6 24.9 16.6 0.0 14.8 
mrmr 7.5 11.3 8.3 0.0 7.4 
rrrr 6.6 2.3 4.1 13.6 6.0 
rrrm 9.1 7.3 8.3 10.7 9.3 
mrrm 10.1 5.7 7.9 6.9 7.6 
m 54.9 60.9 59.3 56.4 57.5 
r 45.1 39.1 40.7 43.6 42.5 
Parameters  σ = 0.609 α = 0.715 α = 1.000 α = 0.803 
    β = 0.564 β = 0.624 
RMS error  4.97 1.51 7.08 1.03 
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X-ray Crystal Structure Data for  
Me2C(3-t-butyl-4-methyl-C5H2)(C13H8)ZrCl2  
10 
 
 
 
 
 
 
 
 
 
Labeled view of molecule A with 50% probability ellipsoids 
Hydrogens omitted 
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Labeled view of molecule B with 50% probability ellipsoids 
Hydrogens omitted 
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Depiction of unit cell with idealized benzene present (40% of the time) 
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Table 1.  Crystal data and structure refinement for Me2C(3-t-butyl-4-methyl-C5H2)(C13H8)ZrCl2. 
 
Empirical formula  C27.22H29.22Cl2Zr  (C26H28Cl2Zr  ⋅ 0.204 C6H6) 
Formula weight  518.57  (502.63 ⋅ 15.94) 
Crystallization solvent  benzene / n-heptane  
Crystal habit  plate 
Crystal size 0.11 x 0.04 x 0.01 mm3 
Crystal color  dichroic red - pale red  
Preliminary photos           Rotation 
Type of diffractometer  Bruker SMART 1000 ccd 
Data collection program SMART v5.054 
Wavelength  0.71073 Å MoKa  
Data collection temperature  98 K 
Theta range for 272 reflections used 
in lattice determination  2.3 to 14.3° 
Unit cell dimensions a = 9.286(3) Å α= 61.037(14)° 
 b = 17.711(6) Å β= 81.471(14)° 
 c = 17.903(6) Å γ = 78.713(15)° 
Volume 2521.2(13) Å3 
Z 4 
Crystal system  Triclinic 
Space group  P 1 
Density (calculated) 1.366 Mg/m3 
F(000) 1066 
Theta range for data collection 2.24 to 28.74° 
Completeness to theta = 28.74° 88.9 %  
Index ranges -12<=h<=12, -23<=k<=23, -24<=l<=24 
Data collection scan type  Ω−scans at 6 fixed φ−values 
Reflections collected 37091 
Data reduction program Saint v6.02 
Independent reflections 11631 [Rint= 0.8639; GOFmerge= 0.744 ] 
Absorption coefficient 0.660 mm-1 
Absorption correction None 
Number of standards  initial 75 frames recollected at end 
Variation of standards  within counting statistics 
Structure solution program  SHELXS-97 (Sheldrick, 1990) 
Primary solution method  Direct methods 
Secondary solution method  Difference map 
Hydrogen placement  Geometric 
Structure refinement program  SHELXL-97 (Sheldrick, 1997) 
Refinement method full-matrix least-squares on F2 
Data / restraints / parameters 11631 / 0 / 284 
Treatment of hydrogen atoms  no refinement, Uiso’s fixed at 120% that of attached atom 
Goodness-of-fit on F2 0.744 
Final R indices [I>2s(I)] R1 = 0.1142, wR2 = 0.1959 
R indices (all data) R1 = 0.6696, wR2 = 0.3262 
Type of weighting scheme used Calculated 
Weighting scheme used w=1/σ2(Fo2) 
Max shift/error  0.021 
Average shift/error  0.000 
Largest diff. peak and hole 0.829 and -0.644 e⋅Å-3 
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Special  Details  
The crystal used was very small and did not diffract well, especially at high θ values.  The first three runs 
of data were collected with 60 second long, –0.3° wide ω−scans at three values of ϕ (0, 120 and 240°) with 
the detector 5 cm (nominal) distant at a θ of -28°.  A second set of three runs were collected with the 
detector at 0° θ and ϕ values of  60, 180 and 300°; other parameters were not changed.  The initial cell for 
data reduction was based on 171 reflections found in the data frames.  The paucity of high angle data 
made it difficult to refine some of the machine parameters. [Cell volumes obtained from preliminary 
refinements varied by more than 10%.]  Therefore values for the X-center, Y-center and distance 
correction (based on values from cell refinements on more suitable crystals) were held fixed; likewise, the 
pitch, roll and yaw were not refined.   
 
The cell thus obtained was used for data integration with SAINT v6.02. [For data processing, all SAINT 
defaults were used, except:  box size optimization was enabled, periodic orientation matrix updating was 
disabled, no Laue class integration restraints were used, the model profiles from all nine areas were 
blended, and for the post-integration global least squares refinement, no constraints were applied.]  The 
globally-determined cell seemed to be fairly stable with no constraints.  However, this cell was used as 
the initial, fixed cell for another round of data integration.  Several more cycles were performed.  The 
final cell appeared converged and produced reasonable correction factors, compared to other samples. 
 
The final dataset is extremely weak, with a mean I/σ of 0.75.  SAINT uses profiles based on stronger 
reflections to model weak reflections and thus improve the accuracy of the intensities for these 
reflections.  However, even this latest version of SAINT does not calculate the σ’s for these weak 
reflections properly.  The systematic error in weighting leads to ridiculous GOF’s (theoretical minimum 
value of 1) for both data merging (0.744) and subsequent refinement (0.744). 
 
Nonetheless, the structure does seem satisfactory.  There are two molecules in the asymmetric unit.  The 
Zr and Cl atoms were refined anisotropically (although some ellipsoids are quite flattened) and all carbon 
atoms in the molecules were refined isotropically.  No restraints or constraints were used for these two 
molecules.  The variation in isotropic displacement parameters is consistent with the structure of the 
molecules.  The t-butyl group on molecule A shows evidence of some rotational disorder.  All the 
displacement parameters are a little larger than is typical for low-temperature structures.  This could be 
due to processing of the weak data and/or crystal problems caused by solvent disorder. 
 
There is a cavity in the center of the cell which appears to be a repository for disordered solvent.  Nothing 
was obvious in difference maps.  A benzene molecule was fitted to 6 of the 9 largest difference peaks in 
this area.  Two of the other three peaks were near the center of symmetry.  During the early stages of 
refinement, this solvent was constrained to be a rigid group.  At the end, the coordinates of the six carbon 
atoms were refined independently but all carbon atoms were shared one isotropic displacement 
parameter and one population parameter, which refined to 0.408(15).  The final geometry of the benzene 
is poor.  There is room for more solvent in this region as well.  There is another program which tries to 
compensate for such regions of disordered solvent, but given the quality of the data it seemed best not to 
do anything which might appear to make the results look better than they are.  The ORTEPIII view of the 
unit cell contents along the a-axis clearly shows the solvent channel. 
 
Four reflections were omitted from the final dataset; the beamstop apparently interfered with three low 
angle reflections ( 011, 010 and 001) and the fourth (012) was an outlier.  Omitting data past a θ cutoff did 
not improve the refinement.  Refinement of F2 is against ALL reflections.  The weighted R-factor (wR) and 
goodness of fit (S) are based on F2, conventional R-factors (R) are based on F, with F set to zero for 
negative F2. The threshold expression of F2 > 2σ( F2) is used only for calculating R-factors(gt) etc. and is 
not relevant to the choice of reflections for refinement.   
 
The table of calculated and observed structure factors was produced with a program which lists values 
for negative F’s instead of 0’s; this program calculates slightly different values for σ(Fo), which doesn’t 
matter since refinement of course uses Fo2 and σ(Fo2). 
 
                                                                              
S17 
Table 2.  Atomic coordinates (x 104) and equivalent isotropic displacement parameters (Å2x 103) for 
Me2C(3-t-butyl-4-methyl-C5H2)(C13H8)ZrCl2.  U(eq) is defined as the trace of the orthogonalized Uij tensor.  
 
 x y z Ueq 
 
Zr1A 3315(2) 8006(2) 751(2) 48(1) 
Cl1A 5052(6) 8106(4) 1568(4) 64(2) 
Cl2A 4900(6) 8261(4) -520(4) 60(2) 
C1A 1530(30) 7004(17) 1399(18) 73(9) 
C2A 2520(30) 6708(16) 2075(17) 79(9) 
C3A 3860(30) 6344(17) 1764(19) 74(10) 
C4A 3760(20) 6401(13) 1053(15) 28(7) 
C5A 2270(30) 6860(16) 715(17) 73(9) 
C6A 700(20) 8569(15) 758(15) 47(8) 
C7A 1350(20) 8949(14) 1165(15) 32(7) 
C8A 2160(20) 9607(13) 513(14) 19(6) 
C9A 2150(20) 9606(13) -240(15) 23(6) 
C10A 1230(20) 9058(13) -169(14) 29(7) 
C11A 90(20) 7695(15) 1209(14) 41(7) 
C12A -880(20) 7578(14) 675(14) 60(8) 
C13A -740(20) 7513(14) 2063(13) 56(8) 
C14A 4950(30) 5880(18) 2507(18) 121(12) 
C15A 4870(30) 5930(15) 693(15) 46(8) 
C16A 4830(30) 4982(19) 1264(18) 128(13) 
C17A 6500(40) 6100(20) 700(20) 199(18) 
C18A 4470(40) 6140(20) -167(19) 151(14) 
C19A 1330(20) 8809(15) 2044(16) 50(8) 
C20A 1970(20) 9288(15) 2214(15) 48(8) 
C21A 2810(20) 9939(15) 1559(15) 49(8) 
C22A 2890(20) 10061(13) 773(14) 27(6) 
C23A 2740(20) 10136(14) -1060(14) 38(7) 
C24A 2480(20) 10090(13) -1761(13) 29(7) 
C25A 1570(20) 9485(14) -1687(15) 51(8) 
C26A 1020(20) 8956(14) -885(14) 38(7) 
H2A 2332 6742 2583 94 
H5A 1923 7010 192 88 
H12A -1757 7997 567 72 
H12B -1141 7000 978 72 
H12C -359 7663 141 72 
H13A -1621 7926 1971 67 
H13B -129 7566 2420 67 
H13C -989 6933 2338 67 
H14A 4822 5278 2844 145 
H14B 4756 6160 2862 145 
H14C 5948 5919 2265 145 
H16A 5156 4822 1814 153 
H16B 5475 4655 1017 153 
H16C 3848 4857 1330 153 
H17A 6724 5903 1282 239 
H17B 6565 6711 372 239 
H17C 7199 5784 463 239 
H18A 3450 6097 -146 182 
H18B 5061 5735 -341 182 
H18C 4649 6721 -570 182 
H19A 854 8368 2485 60 
H20A 1887 9211 2769 58 
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H21A 3284 10269 1694 59 
H22A 3456 10471 362 32 
H23A 3333 10533 -1125 45 
H24A 2896 10453 -2294 34 
H25A 1364 9455 -2165 61 
H26A 491 8523 -806 45 
 
Zr1B 8090(2) 8131(2) 6542(2) 46(1) 
Cl1B 9305(6) 8917(4) 7004(4) 54(2) 
Cl2B 10224(6) 7634(4) 5869(4) 58(2) 
C1B 6140(30) 7310(16) 7343(14) 47(8) 
C2B 6520(30) 7680(16) 7860(15) 68(9) 
C3B 8070(30) 7060(20) 8180(19) 95(11) 
C4B 8350(20) 6525(15) 7836(14) 36(7) 
C5B 7180(30) 6669(16) 7231(15) 67(9) 
C6B 5620(20) 8582(13) 6061(13) 25(6) 
C7B 5970(20) 9376(14) 6010(14) 30(7) 
C8B 7110(20) 9713(13) 5358(13) 18(6) 
C9B 7510(20) 9185(13) 4984(13) 18(6) 
C10B 6590(20) 8552(14) 5300(13) 31(7) 
C11B 4800(20) 7886(14) 6745(14) 36(7) 
C12B 4220(20) 7313(13) 6488(13) 38(7) 
C13B 3590(20) 8217(15) 7224(14) 72(9) 
C14B 8870(30) 7090(16) 8893(15) 87(10) 
C15B 9590(30) 5743(16) 8054(15) 53(8) 
C16B 9190(30) 5141(15) 8944(14) 73(9) 
C17B 11030(20) 6059(15) 8074(14) 69(9) 
C18B 9720(20) 5431(14) 7407(13) 52(8) 
C19B 5460(20) 9797(14) 6530(14) 45(7) 
C20B 5990(20) 10516(14) 6335(14) 45(8) 
C21B 7120(20) 10824(15) 5683(14) 47(8) 
C22B 7700(20) 10450(14) 5186(14) 36(7) 
C23B 8490(20) 9304(14) 4252(14) 36(7) 
C24B 8630(20) 8755(14) 3916(14) 43(7) 
C25B 7760(30) 8081(16) 4226(15) 69(9) 
C26B 6800(20) 7974(14) 4949(13) 32(7) 
H2B 6024 8130 7967 81 
H5B 7172 6409 6889 81 
H12D 3775 6867 6982 46 
H12E 5018 7049 6246 46 
H12F 3501 7659 6072 46 
H13D 3192 7732 7700 87 
H13E 2823 8589 6847 87 
H13F 3982 8541 7428 87 
H14D 8635 6626 9445 105 
H14E 8548 7640 8891 105 
H14F 9919 7025 8769 105 
H16D 9928 4635 9148 87 
H16E 8257 4969 8978 87 
H16F 9132 5425 9290 87 
H17D 11799 5571 8280 83 
H17E 10862 6319 8447 83 
H17F 11313 6482 7507 83 
H18D 10441 4920 7566 62 
H18E 10004 5880 6857 62 
H18F 8782 5291 7382 62 
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H19B 4786 9570 6993 54 
H20B 5609 10828 6633 54 
H21B 7482 11317 5591 57 
H22B 8437 10668 4760 44 
H23B 9037 9765 4006 43 
H24B 9323 8824 3463 52 
H25B 7825 7726 3970 83 
H26B 6276 7502 5204 39 
 
C1 5450(70) 5900(40) 5210(40) 63(12) 
C2 3910(70) 7300(40) 3810(40) 63(12) 
C3 2930(70) 6850(40) 4500(40) 63(12) 
C4 6330(70) 6120(40) 4550(40) 63(12) 
C5 5310(60) 6890(40) 3870(40) 63(12) 
C6 3800(70) 6370(40) 5020(40) 63(12) 
H1 5741 5508 5759 76 
H2 3623 7835 3349 76 
H3 1903 6907 4540 76 
H4 7302 5897 4487 76 
H5 5823 7130 3336 76 
H6 3284 6194 5549 76 
 
 
Table 3.  Selected bond lengths [Å] and angles [°] for Me2C(3-t-butyl-4-methyl-C5H2)(C13H8)ZrCl2. 
 
Zr1A-Cp1A  2.203 
Zr1A-Cp2A  2.254 
Zr1A⋅⋅⋅Pln1A  2.190 
Zr1A⋅⋅⋅Pln2A  2.237 
Zr1A-Cl2A  2.413(7) 
Zr1A-C1A  2.41(3) 
Zr1A-Cl1A  2.416(7) 
Zr1A-C6A  2.44(2) 
Zr1A-C5A  2.45(3) 
Zr1A-C7A  2.51(2) 
Zr1A-C2A  2.51(2) 
Zr1A-C10A  2.55(2) 
Zr1A-C4A  2.58(2) 
Zr1A-C3A  2.59(3) 
Zr1A-C9A  2.62(2) 
Zr1A-C8A  2.67(2) 
 
Zr1B-Cp1B  2.191 
Zr1B-Cp2B  2.226 
Zr1B⋅⋅⋅Pln1B  2.170 
Zr1B⋅⋅⋅Pln2B  2.213 
Zr1B-C1B  2.39(2) 
Zr1B-Cl2B  2.407(6) 
Zr1B-C6B  2.42(2) 
Zr1B-Cl1B  2.428(7) 
Zr1B-C2B  2.44(2) 
Zr1B-C10B  2.52(2) 
Zr1B-C5B  2.53(2) 
Zr1B-C7B  2.55(2) 
Zr1B-C9B  2.562(19) 
Zr1B-C3B  2.61(3) 
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Zr1B-C8B  2.64(2) 
Zr1B-C4B  2.65(2) 
 
Cp1A-Zr1A-Cp2A 121.0 
Cp1A-Zr1A-Cl1A 108.5 
Cp1A-Zr1A-Cl2A 110.7 
Cp2A-Zr1A-Cl1A 109.9 
Cp2A-Zr1A-Cl2A 107.6 
Pln1A-Pln2A 107.9 
Cl2A-Zr1A-C1A 127.1(7) 
Cl2A-Zr1A-Cl1A 97.7(2) 
C1A-Zr1A-Cl1A 122.7(7) 
C6A-C11A-C1A 103.0(19) 
 
Cp1B-Zr1B-Cp2B 119.6 
Cp1B-Zr1B-Cl1B 107.8 
Cp1B-Zr1B-Cl2B 111.7 
Cp2B-Zr1B-Cl1B 109.0 
Cp2B-Zr1B-Cl2B 108.9 
Pln1B-Pln2B 106.2 
C1B-Zr1B-Cl2B 125.1(6) 
C1B-Zr1B-Cl1B 124.7(6) 
Cl2B-Zr1B-Cl1B 97.5(2) 
C6B-C11B-C1B 98.1(17) 
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